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B'J Sidney A. Batterson and Thelma Stewart

Tests were made in the Lang Ley impact basin t a deter
mine the relationship be twe en impact nor-ms.L acceleration
and flight-path angl,e for s e ap lanes landing in smooth
water. The tests »ere made at both hL!,h and Low forward.
s ne e ds and at trims of 6 0 and gO • The '"made 1 h ad a

~ 1° '
222 angle 01' de ad rlse and a gross weit";ht of 1100 pounds.
The 1'e8'11ts of the tea t s indic ab e d that, over the tes t
range of flight-path angle "(, the max Lmurn impact normal

ac c e Le r e t Lon W2S pr-op or-t Lon a I to "(1.54 for 6° trim and

to ..,...1. 33 for 9° trim. At low flight-path ang Le s the
dyn&mic lift forces resulting from the downward deflection
induced in bhe water impinging up on the f Lo at bottom
predominated, whe r-e as at high flight-:path angLes the forces
resulting from the virtual ::nats;JreciOl'rinated. 'rile max Lmum
deDth of immersjon and the imwerslon thst occurred at the
instrnt of maximum normel force showed very little effect
of t rLm,

INTRODUCTION

Tests made in the Langley impact basin to de~~rmine

t he effect of flight-peth angle uion impact normal a c c e Le r
ation for s e ap La ne e LoridLn g in smooth water- have been
described in refe~ences 1 and 2. Thase tests were part
of an investigr-.tion und'.:":l:-tp,ken to de t e rmf.ne the e I'f'e c t of
flight-path angle upon Ln.pac t ac co Lc r e t Lons t.hr-ough ou't
the r-ang e of symmetrical lardings. Since t he trim d e t er-nd.ne s
the relati v e e f'f'e c t uo on the total :.nl;)Gct load of tho
dyDemic lift I'or-c e s dUG to bh« d ownv.ar-d deflection of the

. wat.e r- impinging upon t he float bo t t om end the forces
rosultine: from the r-at e of ch cnge of tho virtual mae s , the
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investigation included tests at various trims. The results
pT'0:3sented in references I ar.d 2 show the variation of
impact normal acceleration with flight-path angLe for
trims of 30 and 12°, r-e aoe c t Lve Ly , As a continuation of
the f.nve s t.Lg at.Lon , data are presented he r e Ln to show the
v ar-Lat Lon of Lrnpac t n or-mcL acceleration with flight-pf;th
engle at trims of 60 arid 90 • The tests wore made with a

1 0
model b avLng prismatic form and a 2~ angle of dead rise.

The e f'f a c t of v.e Lght is not included, since the total model
weight was held c cn s t sn t througb.out the tests.

-SYMBOLS

v

g

result an t velocity of float, feet per second

hor-Lz on t aL ve Loc t t.y component of f Lo at , feet
Del' second

vertical velocity oomp onerrt of float, feet per
second

accelerotion of gravity (32.2 ft/sec 2)

impact force normal to water surface, pounds

w total model weight, pounds

max rmum Lmpac t load fector ( F i...~WI
T

y

float trims degrees

flight-path angle, degrees ~an "( = ~~
vertical displacement of float, inches

E0VIPtIENT AIW INSTRUMENTATION

The Langley Lmp ac t basin float model M-l tested,

1 0
which has a 22~ angle of de ad rise, was the forebody of
the float described in reference 3. The lines and
per-tinent dimensions of this model are shown in figure 1.
The gross weight of the model including the drop linkage

r
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.' was 1100 pounds. The equipment and instruments used
throughout the tests were, with the exception of the
accelerometer, the same as those described in reference 3.
An NACA air-dami::>ed accelerometer with a frequency of
approximately 21 cycles per second was used to determine
the impact normal ecceleration.

TEST P:10CEDUHE

The model wes tested with 00 angle of yaw at trims
of 60 and 90 • The horizontal velocities for these tests
ranged from approximately 45 feet pel" second to approxi
mately 100 feet per second, and the vertical velocities

1
ranged from approximately 12 feet per second to 12 feet
per second. The range of flight-path angle was from 1 0

to 140 • T1:e depth of immersion was measured at the model
stern perpendicular to the level water surface. During
the impact process a lift equal to the total weight of
the model Vias exerted on the float by means of the
buoyancy engine described in r-ef'e r-ence 3. All test
measurements were recorded as time histories.

PRECISION

The apparatus used in the present tests yield meas
urements that are believed correct viTi th In the following
limits.:

Hor-Lz ont e.I ve Loc Lty , foot per second ••.
Vertical velocity, foot oer second . •• • . •
Vertical displacement, inch . • • • • 0 • • •

Acceleration, g • • • • • • •• .• . • 0 ••

'VIleight, pounds • • • • • • • • . • • . . • . • • •

RESULTS M~D DISC~3SION

tO o 5
±O.2
±O.2
±O·5
*2.0

For e ach run an ac ce Ler-ome t er- record was obtained
from which the meximum load factor for each impact was
derived. Since the buoyancy engine contributed a force
equal to the total weight of the model, I 8 was. subtracted
from the values obtained from the accelerometer record to
isolate the hydrodynamic force r-e s uLt Irig from the impact.
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Iriaamuch as the maximum impact normal acceleration
w~s sho~TI in reference 3 to be proportional to the square
of the result8nt velocity, the hydrodynamic load factor
was divided by V2 to mAke it independent of velocity.
The v21ues of niwmax/V2 for both float trims of 60

and 9° are plotted in figure 2 against flight-path angle
at the instant of water contact. Within the scatter of
the test points appearing in this figure, the variation
of ni with y is a simple power function over thewmax
test range. Evaluation of the slopes of the curves in
figure 2 shows th~t for 60 trim

and for 90 trim

Figure 2 indic9tes that at low flight-path angles
the Lmp ac t s for 90 trim resulted in higher loads than
those for 6 0 trim; b.oweve r , 88 the flight-peth angle
incressed, the two curves tended to interDect. This
condition is described in reference 4 and is attributed
to the fact that at low flight-path angles the increased
trim orodu.ces gre ater downward angle of water deflection,
which r-e s u Lt s in greater impact acceleration. On the
other hand, at the high flight-path angles the increase
of virtual mass primarily governs the magnitude of the
impact acceler at ions since the d e p t.h of Lmme r s ion incre as e s
as the flight-path ang l,e becomes larger. The mass effects
are obviously greater in the case of the lower trim.

Maximum depth of immersion and depth of immersion
at time of ni are plotted against flight-path anglewmax
for trim of 60 in figure 3 and for trim of 90 in figure 4.
A comparison of figures 3 and 4 shows them to be nearly
identical and indicates that the difference ir. trim had
no significant effect on depth of immersion. The test
r ang e of fllght-peth angles was not sufficient to show
the very marked effect of chine immersion upon the depth
of penetretion at the time of maximum force as observed
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in reference 2; however, for both the 90 and 60 trims the
curves exhibited reduced slopes et the higher flight-path
engles.

CONCLUSIONS

Tests were made in the Langley impact basin to deter
mine the relationship b e t we en the impact normal accel-
e r at.Lon and flight-path angle for s e ap Lane s landing in
smooth water. The results'of the tests, which were made
at constant we:tght and model trims of 6 0 and 90 , lead to
the following conclusions:

1. The maximmn impa0t normal acceleration for 60 trim
was proportional to ",1. 54 over' the test range of flight
p abh eng Le "(•

2. The maximum
was proportional to

Lmp ac t normal acceleration for 90 trim
.....1. 7,::;, // over the test range of y.

(

.'

3. The experim8ntal data provided a ChBCk for the
previously dr-awn theoretical conclusion tr.at : at low
flight-path angles the lift forces resulting from the
downward deflection induced in the water impinging upon
the float bottom predominated, whereas at high flight
path angles the forces resulting from the virtual mass
predominated.

~.. 'I'he max Lmum depth of Imme r-s ion and the Irnme r-s ion
that occurred at the Ln s t an t of maximum normal force
showed very little effect of trim.

Langley Memorial Aeronautical Laboratory
Nat Lon aL Advisory Committee for Aeronautics

Langley Field, Va•
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